ABSTRACT The urinary excretion of the n-hexane metabolite 2,5-hexanedione (HD) was determined in four shoe factory workers during four workingdays that were preceded by four free days and followed by two free days. The correlation between excretion of HD and the n-hexane concentrations in the workroom air was evaluated. The air concentrations of n-hexane and those ofacetone, toluene, and other organic solvents were monitored with charcoal tubes. All the urine from each worker was collected at freely chosen intervals during the experimental period and the following two free days. The samples were analysed by gas chromatography. The relative excretion of HD increased as the exposure to n-hexane increased, although it seemed that HD accumulated progressively in the body at the highest n-hexane concentrations and at higher total solvent concentrations.
Occupational exposure to n-hexane has been shown to be particularly high in the shoe industry and exposure of workers in shoe factories has been evaluated by means of alveolar air, blood, and urine tests.`'-Urinary biological monitoring methods are available for the main metabolites 2-hexanol, 2,5-dimethylfuran, gammavalerolactone and 2,5-hexanedione (HD).'-2 2-Hexanol is the main metabolite in animals but in man is only marginally important.6 7 Gammavalerolactone is not considered a specific or "true" metabolite of n-hexane' and some analytical problems exist for 2,5-dimethylfuran.2 Toxicologically, the most interesting metabolite is HD because it is the primary cause of n-hexane induced peripheral neuropathy. 6 Co-exposure to other solvents such as methyl ethyl ketone and acetone induces n-hexane neurotoxicity. 89 The effect of this induction can be perhaps detected by HD measurement.
Studies on the rat have shown percutaneous absorption of n-hexane to be low, about 0-012 nmol/cm2/ min.' Therefore, absorption of n-hexane in exposed workers occurs almost entirely through the respiratory system. In the present study the urinary excretion of the n-hexane metabolite HD was determined in shoe factory workers during a period of several workdays. The correlation between the metabolite and the nhexane concentrations in the workroom air was also Accepted 12 January 1987 133 evaluated. The purpose of the study was to find the optimal urine sampling time for HD through the construction of an elimination profile for HD.
Methods

SUBJECTS
The study was performed on four healthy women aged 41--54. Their body weight ranged from 77 to 88 kg and their height from 161 to 172 cm. They continued at their normal job throughout the experiment, which lasted for four consecutive days. For the four days immediately preceding the experiment and the two days immediately after it they were on holiday.
ENVIRONMENTAL AND URINARY SAMPLING n-Hexane and other organic solvent concentrations were measured in the breathing zone of the workers using charcoal tubes. Air concentrations were monitored during the whole exposure period ofeight hours a day. The charcoal tubes were changed after every hour and stored at + 4°C before analysis by gas chromatography (GC Table 1 shows the concentrations of the main solvents in the breathing zone of the workers during the four day study period. The exposure to n-hexane varied from moderate (34 mg/m3, 35 mg/m3, 109 mg/m3 (three workers)) to low (7 mg/m3 (one worker)). Table I also shows the hygienic effect (HE) of the compounds presented. The HE is the ratio between the measured concentration of the compound and its occupational exposure limit (OEL); the total HE is the sum of the ratios of all compounds, the OEL then being 1 0. The HE of n-hexane varied greatly by comparison with the total HE. In cases in which the HE ofn-hexane was less than 15% of the total HE, exposure to acetone and toluene was relatively high (workers 3 and 4).
In addition to the main solvents n-hexane, acetone and toluene, low concentrations of other solvents including methyl ethyl ketone, ethanol, ethyl acetate, and aliphatic hydrocarbons were found. The concentrations of the n-hexane inducer methyl ethyl ketone was low in all cases: eight hour TWA 4-16 mg/m3, OEL 440 mg/m3. 
The Finnish occupational exposure limit, as the eight hour TWA concentration, is: 100 ppm (360 mg/m3) for n-hexane, 500 ppm (1200 mg/m3) for acetone, and 100 ppm (375 mg/m3) for toluene. *Defined as the ratio between the measured concentration of the HE compound and its occupational exposure limit. tDefined as the sum of the ratios of all compounds.
The total respiratory absorption of n-hexane during the study period was estimated and compared with the total urinary excretion of HD (table 2). The estimation of the total absorption of n-hexane in the body was based on the assumption of a mean ventilation rate of 10 1/min and a hexane uptake of 17% of the total respiratory intake. Profiles ofn-hexane air concentrations and 2,5-hexanedione urinary excretion of worker with highest exposure 2,5-Hexanedione excretion after occupational exposure to n-hexane *Calculated with the total excretion: total absorption ratio ofthe most exposed worker as 100 and the corresponding ratios of the other workers as the percentage of 100.
most exposed worker having been given a value of 100, see table 2) increased as the exposure to n-hexane increased. The excretion of HD in relation to n-hexane uptake was highest in worker 1. HD seemed to accumulate progressively at higher n-hexane concentrations. A comparison of the n-hexane uptake with the HD excretion and the HE of n-hexane, and with the total HE, of workers 2 and 3 (tables 1 and 2) shows non-linear accumulation of HD at higher total solvent concentrations.
The profiles of the n-hexane air concentrations and the HD excretion of the most exposed worker are shown in the figure. The high exposure on the second day affected the HD profiles of the next two days. In the case of the three workers with lower exposure there was no progressive accumulation of HD during the exposure period. The HD concentrations corrected to a specific gravity of 1-024 have been used. These results correlate well enough with the creatinine corrected results (r = 0 97). The linear regression equation between results corrected for specific gravity (x, ,mol/ 1) and those corrected for creatinine (y, mmol/mol crea) is y = (0 073 + 0 002) x + 0-004.
The HD concentrations four and 24 hours after the beginning of the workshift were 54 8 and 45-1% of the maximum HD value on the same day (table 3) , and the end shift concentration was 71-4%. The maximum HD concentration occurred four to seven hours after the end of the exposure.
Regression data between the eight hour TWA concentration of n-hexane in the air (Hex>,) and the HD urinary excretion [HD,) of the three most exposed Table 3 Morning (0-4 hours) and whole shift (0-8 hours) concentrations of the n-hexane (Hex) and 2,5-hexanedione (HD,) concentrations at different sampling times (t) by comparison with the HD maximum concentration (HD,,._,) on the same day. Time is the time difference between HDm,, and HD, 
